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TO ALL WHOM IT MAY CONCERN: 



Be it known that 



Norbert Machanek 



a citizen of GERMANY, residing at 



Albstrasse 15. 73274 Notzinqen. GERMANY 



has invented a new and useful 



HEAT EXCHANGER BLOCK 



of which the following is a specification. 
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HEAT EXCHANGER BLOCK 

CROSS REFERENCE TO RELATED APPLICATION(S) 

Not applicable. 



STATEMENT REGARDING 
FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT 

Not applicable. 



REFERENCE TO A MICROFICHE APPENDIX 

Not applicable. 



TECHNICAL FIELD 

10 The present invention relates to heat exchangers, and more 

particularly to heat exchanger blocks having a plurality of heat exchangers 
connected together. 

BACKGROUND OF THE INVENTION 
AND 

1 5 TECHNICAL PROBLEMS POSED BY THE PRIOR ART 

Heat exchanger blocks are known, for example, from European 
Patent Application 0 515 924 A, in which multiple heat exchangers are screwed to 
each other in a manner not further shown, with the collecting tank or header for the 
coolant cooler integrated in the collecting tank or header for the oil cooler. 
20 Detachably assembled heat exchanger blocks are advantageous because 
detachable connection of the heat exchangers can be relatively stable, with no 
additional frame parts, rails, or the like being required. However, such connections 
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can be difficult in a variety of applications, for example when the heat exchanger 
block consists of heat exchangers which are different in size, configuration and/or 
purpose. 

DE 4 009 726 A1 and also in DE 195 09 654 A1 are also material 
5 prior art for heat exchanger blocks. For example, DE 1 95 09 654 A1 show use of 
two common (i.e., one-piece) collecting tanks or headers which are allocated to the 
different heat exchangers. While this may be advantageously used with heat 
exchanger blocks in which the heat exchangers do not vary in size, it also poses 
problems when the heat exchanger block is to be assembled from heat exchangers 

1 0 of different sizes. Further, the heat exchangers in DE 1 95 09 654 A1 also appear 
not to be thermally separated from each other, and as a result the heat from one 
heat exchanger can readily reach the adjacent heat exchanger, which is not 
desirable in many cases (e.g., where the heat exchangers are intended to operate 
in different temperature ranges). 

1 5 A heat exchanger block consisting of a water cooler and an oil cooler 

is disclosed in 1946 U.S. Patent No. 2,505,790, in which the two coolers are joined 
in the region of the narrow sides of the collecting tanks or headers, either 
detachably by screws through protruding shoulders, or by undetachably joining the 
sides (i.e., in one variant depicted there, two collecting tanks are combined as a 

20 single part, which was fastened detachably on the tube plate). A profiled support 
is arranged (see its Figs. 1-2))as a single part between the narrow sides of the 
collecting tanks or headers, which support extends between the opposite collecting 
tanks and is additionally screwed to the long walls of the collecting tanks. The 
design layout of the connection appears to be demanding and no longer timely. 

25 Moreover, the profiled support hampers the development of the standardized 
joining technique. 
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The present invention is directed toward overcoming one or more of 
the problems set forth above. 

SUMMARY OF THE INVENTION 

In one aspect of the present invention, a heat exchanger block is 
5 provided, including at least two heat exchangers each consisting of a pair of 
longitudinal headers with tubes extending between the headers. Adjacent heat 
exchangers are detachably connected at adjacent ends of their headers wherein 
one of the adjacent headers includes a recessed portion in the adjacent end and 
the other of the adjacent headers includes a flange receivable in the recess of the 
10 one header. Matching holes extend through the flange and the one header end, 
and a fastener extends through the matching holes in the ends of at least one set 
of adjacent headers. 

In one form of this aspect of the invention, at least some of the 
headers are aluminum cast parts. 
1 5 In another form of this aspect of the invention, shroud attachments 

are along a longitudinal wall of at least one of the longitudinal headers. 

In yet another form of this aspect of the invention, an intermediate 
insert is between the tubes of the adjacent headers, the insert having a low thermal 
conductivity. 

20 In still another form of this aspect of the invention, the fastener 

extends between the front and back of the heat exchanger block. 

In another form, the matching holes are each longitudinal with an 
oblong cross-section in a plane perpendicular to the longitudinal direction of the 
holes. In a further form, the oblong cross-sections each have a major dimension, 
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and the major dimension of one oblong cross-section is transverse to the major 
dimension of the other oblong cross-section. 

In yet another form of this aspect of the invention, the heat exchanger 
block is a cross-flow heat exchanger block in which the headers are arranged on 
5 two vertically-aligned rows. 

In still another form, adjacent headers jointly define a substantially 
longitudinally extending outer profile, and the flange does not extend substantially 
outside the outer profile. 

In another form, the flat tubes together with fins define a core for each 
10 heat exchanger, and the cores of all of the heat exchangers are substantially 
aligned on at least one side in a plane. In one further form, the plane is 
substantially vertical and in another form the flange extends substantially parallel 
to the plane. 

In yet another form, fan mounting arms are provided with arm 
1 5 attachments along a longitudinal wall of at least one of the longitudinal headers. 

In still another form, a first flange is on one of the heat exchangers 
and a second is on flange on a second of the heat exchangers, with aligned holes 
on the flanges, and a connector extends through the aligned holes in the 
longitudinal direction of the headers. In a further form, the connector permits 
20 different heat-related length changes between the first and second flanges. 

In yet another form of this aspect of the invention, a shape-mated 
joint is provided between at least one pair of adjacent heat exchangers. In further 
form, the shape-mated joint secures the one pair of adjacent heat exchangers 
against relative movement in the longitudinal direction of the headers and permits 
25 relative movement in a direction transverse to the longitudinal direction. 
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In another aspect of the present invention, a heat exchanger block is 
provided, including at least two heat exchangers each consisting of a pair of 
longitudinal headers with tubes extending between the headers, at least some of 
which are aluminum cast parts. Adjacent heat exchangers are detachably 
5 connected at adjacent ends of their headers wherein one of the adjacent headers 
includes a recessed portion in the adjacent end and the other of the adjacent 
headers includes a flange receivable in the recess of the one header. Matching 
holes extend through the flange and the one header end, and a fastener extends 
through the matching holes in the ends of at least one set of adjacent headers. 
1 0 Shroud attachments are along a longitudinal wall of at least one of the longitudinal 
headers. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be described below in practical examples. Features 
and effects that are particularly noteworthy can be mentioned in the description, 
1 5 even if they were not mentioned above. 

Figure 1 is a perspective view of a heat exchanger block according to 
the present invention; 

Figure 2 is an exploded partially cut-away view of the upper left corner 
of the heat exchanger block of Fig. 1 ; 
20 Figure 3 is detailed view A from Fig. 2; 

Figure 4 is detailed view B from Fig. 2; 

Figure 5 is a cross sectional view of the connection illustrated in 
exploded form in Fig. 3; 

Figure 6 is a perspective, partially cut-away view of the connection 
25 illustrated in exploded form in Fig. 4; 
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Figure 7 is an exploded partially cut-away view of another 
embodiment heat exchanger block according to the present invention; 

Figure 8 is a perspective view of a partial heat exchanger block of still 
another embodiment according to the present invention; and 

Figure 9 is an enlarged view of the upper left corner of the heat 
exchanger block of Fig. 8. 

DETAILED DESCRIPTION OF THE INVENTION 

The Figures illustrate a heat exchanger block 10 according to the 
present invention. The heat exchanger block 1 0 may be advantageously used, for 
example, with vehicles in the off-highway sector (e.g., with a construction machine 
or agricultural machine). In accordance with the invention, the block 10 may 
consist of a plurality of separate heat exchangers, such as the illustrated three heat 
exchangers 12, 14, 16. As further described below, the heat exchangers 12, 14, 16 
are secured with their collecting tanks or headers 22, 24, 26 in alignment with one 
another. The heat exchangers 12, 14, 16 may have different depths, in which case 
one side (e.g., the rear face relative to the direction of trave when used in a vehicle) 
may be aligned in generally the same (vertical) plane, with the other side (e.g., the 
front face) adapted to for equalization. 

The heat exchangers 12, 14, 16 may each be configured in any 
suitable, desired manner according to the heat exchanging requirements of the 
systems with which they are used. For example, the heat exchangers may each 
include flat tubes 28 extending between the headers 22, 24, 26, with corrugated 
fins or ribs 29 (see particularly Fig. 9) between the tubes 28. It should be 
understood, however, that the core formed by the flat tubes 28 and fins 29 could be 
of virtually any heat exchanging configuration including, for example, tubes 
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passageways formed in different manners, tubes which are different in size, shape, 
and/or number (including different internal structures, including multi-port tubes), 
fins of different configurations such as plate fins, different materials, and different 
flow configurations (e.g., single pass and/or multipass). 
5 The headers 22, 24, 26 are generally configured to extend 

longitudinally in two vertically aligned rows, with the headers being formed by 
longitudinal walls connected along their edges to define an enclosed space, with 
smaller end walls connected to the ends of the longitudinal walls to close the 
enclosed space. The heat exchanger block 10 may thus be advantageously 

10 designed as a cross-flow heat exchanger block 10. Further, the heat exchangers 
12, 14, 16 of the heat exchanger block 10 are preferably arranged with their 
headers 22, 24, 26 at least in one common vertical plane in order to be able to 
favorably mount a fan shroud thereon as described in greater detail below. 

The headers 22, 24, 26 may advantageously be aluminum cast 

1 5 products, although they need not be. In accordance with the present invention, the 
heat exchangers 12, 14, 16 are preferably generally the same width (i.e., same 
tube lengths), but can have different sizes in terms of block depth and block height. 

In accordance with the present invention, the adjacent heat 
exchangers 12, 14, 16 may be secured together by securing their headers 22, 24, 

20 26 in an end to end fashion. 

In accordance with one embodiment of the invention particularly 
illustrated in Figs. 2, 3 and 5, the upper end of the header 24 of the middle heat 
exchanger 14 includes a flange 30 extending outwardly from the header 24, and 
includes two holes 32 therein. The lower end of the header 22 of the upper heat 

25 exchanger 12 also includes a flange 36, which flange 36 includes two holes 38 
which are oblong in the lateral direction of the heat exchanger 12. 
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The heat exchangers 12, 14 are detachably connected by the 
detachable connection together of the flanges 30, 36 by fastening devices or 
fasteners 40 extending through aligned holes 32, 38, as shown particularly in Figs. 
3 and 5. The fasteners 40 include a corrugated plain washer 42 (whose 
5 corrugation makes a spring force available similar to that of an elastic ring) and a 
screw 44. The head of the screw 44 is supported on a sleeve 46 provided with a 
collar, through which the stem of screw 44 extends. The washer 42 is situated 
beneath the collar of the sleeve 46, A nut 48 is on the other end of the screw 44 so 
as to secure the flanges 30, 36 together. Further, the sleeve 46 may 

10 advantageously have a length in the direction of the step of the screw 44 that is 
slightly smaller than the height of the corrugation of plain washer 42. Accordingly, 
the screw 44 and nut 48 may be tightened until the sleeve 46 abuts the shoulder 50 
on flange 30, thus preventing further tightening of the screw 44 and nut 48 
connection. In this position, the corrugation of the washer 42 is compressed in the 

1 5 elastic region in the direction of the stem of the screw 44 so that the spring force 
resulting from this counteracts loosening of the screw 44. 

It should be appreciated that the above described fastening devices 
40, flanges 30, 36 and holes 32, 38 are designed as a so-called sliding seat in 
order to permit different relative lateral expansions of the heat exchangers 12, 14, 

20 such as can result from temperature differences (such as may occur when one 
heat exchanger 12 or 14 operates in a higher temperature range than the adjacent 
heat exchanger 14 or 12). This is often true, for example, for charge air coolers. 
It should also be appreciated that the described fasteners 40 function to ensure 
that the tightening forces do not exceed certain limits (so that they will not hamper 

25 free expansion) while also ensuring that the connection is tight enough that it does 
not loosen even under operating conditions. 
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In accordance with another embodiment of the present invention 
particularly illustrated in Figs. 2, 4 and 6, the upper end of the header 26 of the 
bottom heat exchanger 16 includes a recessed portion 60 on one side (e.g., the 
rear), and a longitudinal recess or hole 62 extending along the depth of the header 
5 26 from other side (e.g., the front) to the recessed portion 60. The lower end of the 
header 24 of the middle heat exchanger 14 includes a longitudinally (downwardly) 
extending flange 66 which is receivable in the recessed portion 60 of the bottom 
heat exchanger header 26 when mounted together. It should be appreciated from 
the Figures that the recessed portion 60 and flange 66 cooperate so that they do 

10 not protrude beyond the outer contour of the headers 24, 26, which therefore 
present an outer profile at their connection which is substantially uniform with the 
outer profile of the headers 24, 26 generally. The flange 66 also includes a 
longitudinal recess or hole 68 which is aligned with the longitudinal hole 62 in the 
header 26 of the bottom heat exchanger 16. (It should be recognized that Figs. 2, 

1 5 4 and 6 have been cut away to show the holes 62, 68). 

A suitable fastener 70, such as a nut, bolt, and washers may be 
extended through the aligned holes 62, 66 to secure the heat exchangers 14, 16 
together as illustrated in Fig. 6, with the fastener 70 extending in the direction of the 
depth of the block 10. 

20 The longitudinal holes 62, 66 may advantageously be shaped so as 

to be oblong in different directions to allow for thermal expansion. That is, the 
holes 62, 66 may be non-cylindrical with, for example, one hole 62 having a greater 
vertical than horizontal dimension and the other hole 66 having a greater horizontal 
than vertical dimension. Alternatively, both holes could have a greater dimension 

25 in the same direction (e.g., horizontally or vertically). It should be appreciated that 
holes 62, 66 configured in this manner may facilitate assembly as well as reduce 
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manufacturing costs, because the requirements for accuracy (tolerances) need not 
be particularly high. Further, such holes 62, 66 may advantageously allow for 
different relative thermal expansions of the heat exchangers 14, 16 in various 
directions. 

5 As is particularly apparent from Fig. 2, the fasteners 40 extend in the 

direction of the height of the heat exchanger block 10, whereas fasteners 70 extend 
in the direction of the depth of the heat exchanger block 1 0 (i.e., transversely to the 
fasteners 40), and thus different securement may be provided by the different 
embodiments according to design considerations of the heat exchanger block. 

10 Thus, it should be appreciated that heat exchanger blocks may be provided with 
more or less than two heat exchangers, and with different combinations of one or 
the other or both types of connections such as described above, again depending 
on the design considerations of the particular heat exchanger block. 

An insert 80 having low thermal conductivity (e.g., made of a material 

15 having such a characteristic, such as plastic) may also be provided between 
adjacent heat exchangers (one being shown between the middle and bottom heat 
exchangers 14, 16 in Fig. 2) in order to suppress thermal effects between adjacent 
heat exchangers as may occur, for example, in a heat exchanger block 1 0 in which 
the upper heat exchanger 12 is a charge air cooler, the middle heat exchanger 14 

20 is an oil cooler, and the bottom heat exchanger 16 is a coolant cooler (since such 
heat exchangers 12, 14, 16 do not necessarily operate in the same temperature 
ranges). 

Suitable shroud attachments 84 (e.g., threaded screw holes) may 
also advantageously be provided on the longitudinal walls of the headers 22, 24, 
25 26, as well in the end pieces 85 (see Fig. 2) of the upper and lower heat 
exchangers 12, 16, whereby a fan shroud 86 (see Fig. 1) may be readily attached 
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to the heat exchanger block 1 0 (e.g. , by screws around the perimeter of the shroud 
86). Typically, the shroud 86 will be attached to the rear of the block 10 (with the 
front being in the direction of travel of a vehicle with which the structure may be 
used), in which case the headers 22, 24, 26 may be advantageously secured 
5 together so that their rear longitudinal surfaces are substantially aligned in a vertical 
plane, thereby allowing the fan shroud 86 to be configured simply and/or to 
dispense with the need for an equalization piece to make up for an uneven face 
(e.g., if the heat exchangers 12, 14, 16 are of different depths, in which case any 
equalization, if necessary, can be accomplished on the front of the heat exchanger 
10 block 10). 

Additional attachments 90 (such as threaded holes) may also be 
provided in the longitudinal walls of the headers 22, 24, 26, for suitably securing 
mounting arms 92, 94 (see Fig. 1), as by screws. Such mounting arms 92 may be 
provided with a flange plate 96 to which a fan (not shown) may be fastened. In the 

15 illustrated embodiment, the lower mounting arm 92 is a U-shaped bent tube and 
the upper mounting arm 94 is L-shaped. However, it should be appreciated that 
the mounting arms 92, 94 could be of a variety of configurations. Moreover, the 
attachments 90, if not required for mounting arms 92, 94, could be used instead for 
attaching the fan shroud 86. Still further, it should be appreciated that the fasteners 

20 70 connecting recessed portions 60 and flanges 66 could also be used to assist in 
attaching the fan shroud 86 and/or mounting arms 92, 94 to the heat exchanger 
block 10. 

Fig. 7 illustrates another heat exchanger block 10' similar to the first 
described embodiment, except that the top and middle heat exchangers 1 2', 1 4' are 
25 connected with a fastener 70 extending through horizontally aligned openings like 
the above described connection of the middle and bottom heat exchangers 14, 16 
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(with the headers 22', 24' accordingly different from the first described 
embodiment). Such a configuration may be advantageously used, for example, 
when all the heat exchangers operate roughly in the same temperature range. It 
should be appreciated that a protrusion beyond the general outer contour of the 
5 headers 12', 14' (such as occurs with the Fig. 3 connected flanges 30, 36) may be 
fully avoided with this structure. 

Figs. 8 and 9 illustrate a heat exchanger block 10" according to still 
another embodiment of the present invention. In accordance with this embodiment, 
the headers 22, 24' at one end may be connected using a fastener 70 such as 

10 illustrated in Fig. 4, whereas the headers 22", 24" at the opposite end of the 
connected heat exchangers 12", 14" may be force fit together during the course of 
positioning the heat exchangers 12", 14" for insertion of the fastener 70 at the other 
end. As illustrated in Fig. 9, a dove-tail joint 110 may be advantageously used, 
although it should be appreciated that this is just one example of many force fit 

1 5 connections which may be advantageously used. The joint could be configured in 
some other appropriate manner, for example, depending on the temperature- 
related length changes anticipated. 

Support of the heat exchanger block 10 in a vehicle may be 
advantageously achieved by use of dampers 1 20 arranged directly on one or more 

20 of the headers 22, 24, 26 as shown, for example, in Figs. 1 and 9. 

It should be appreciated that heat exchanger blocks according to the 
invention described herein provide functional properties which are advantageously 
usable, for example, in the off-highway sector. Further, it should be appreciated 
that such blocks can be manufactured cost-effectively and modified relatively 

25 easily. The present invention may further advantageously provide heat exchanger 
blocks which may be readily used in a variety of different configurations, where 
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different size individual heat exchangers may be used depending upon the 
requirements while also limiting the necessity for change and while maintaining a 
compact configuration. That is, the present invention provides a block structure 
which is standardizable to a certain degree. Moreover, since no support frames or 
5 similar fastening rails are required, heat exchanger blocks according to the present 
invention are not only compact and space-saving, but the costs for manufacturing 
the heat exchanger blocks for different applications can be minimized. 

Still other aspects, objects, and advantages of the present invention 
can be obtained from a study of the specification, the drawings, and the appended 
1 0 claims. It should be understood, however, that the present invention could be used 
in alternate forms where less than all of the objects and advantages of the present 
invention and preferred embodiment as described above would be obtained. 



